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Field of Invention 

This present invention relates to an electrical machine, 
and more particularly to a synchronous machine. The elec- 
trical machine can operate either as a motor or genera- 
tor, as will be described later and will just be called 
generator in the following. 



Background of the Invention 

"Electrical generators may be used in many different 
fields. When a generator is e.g. used in a wind turbine, 
one of the more important economic parameters, with re- 

15 spect to the dimensioning of the wind turbine, is the 

size of the housing. It is therefore of great importance 
to be able to minimize the diameter of the wind turbine. 
In order to minimize the housing one has to minimize the 
gearbox/gear wheel connecting the wing and the generator. 

20 This can be achieved by providing a generator that has a 
relatively large effect per revolution. 

One way to achieve this is to have a generator with as 
small a radial extent as possible, since the generator^ 
25 occupies a relative large amount of space in the housing 
of the wind turbine. 

Another aspect to be considered when implementing genera- 
tors in wind turbines is that the generator has to be ef- 
30 fective both at a low and a high number of revolutions. 

An electrical machine based on a conventional radial flux 
generator (see Fig. 1) is most frequently used. 

35 A main problem with generators of this kind in certain 

situations is that the diameter for a given power output 
is relatively large f because of the radially built stator 
construction . 
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A further disadvantage is that the stator surrounds/ 
encircles the rotor, thereby adding to the diameter of 
the generator. 

5 

Another disadvantage is the relative low induction in the 
air gap caused by the individual arrangement of the mate- 
rial between the recess (7) and the recess (2) them- 
selves, since only the material (7) carries the flux and 
10 only covers about 50% of the free space toward the gap. 

A further disadvantage is the use of coil material which 
serves no other purpose than connecting the wound coils 
(3) located in the recess (2). 

15 

Another disadvantage is the complex procedure performed 
in connection with the insertion of the coils (3) through 
the narrow openings in the recess (2). 

20 There are many generators of similar kind which are opti- 
mized in one way or another, but they all have a radial 
flux and thus involve the same problem, i.e. a relatively 
larger diameter, like the one described above. 

25 Summary of the Invention 

According to a first aspect of the present invention 
there is provided an electrical machine comprising: a ro- 
tor secured to a shaft with an axis of rotation, one or 
moire magnets or means for producing a magnetic field, a 

30 stator with air gap(s) formed between the rotor and the 
stator, and one or more current windings or coils wound 
on and surrounding pole legs or pole cores, said pole 
legs or pole cores providing part(s) of one or more mag- 
netic flux paths. 

35 

Preferably, the machine comprises a plurality of pole 
cores or pole legs with windings or coils. Here it is 
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preferred that separate pole cores or pole legs have 
corresponding separate coils or sets of windings 
surrounding said pole cores or pole legs. Preferably, 
each separate pole core has a corresponding separate coil 
5 or set of windings . 

Thus, it is an object of the present invention to provide 
a generator/motor or electrical machine in which a mag- 
netic flux path is provided through one or more pole legs 

10 or pole cores surrounded by current windings or coils. 
When a separate pole leg or core is surrounded by a 
corresponding separate coil, a high density of the 
magnetic flux is allowed to be passed through the pole 
leg or core, which results in a low consumption of 

15 material for the pole legs or pole cores compared with 
prior art machines , where for example a large stator 
diameter may be needed in order to conduct a high 
magnetic flux. 

By having the coils wound on and/or surrounding pole 
20 cores, a pole core or part of a pole core may be arranged 
in any convenient direction including a substantially ax- 
ial direction. Consequently, the present invention pro* 
vides a generator/motor which may have a relatively small 
diameter.lt should be understood that the first aspect of 
25 the present invention covers several embodiments. In a 
first preferred embodiment the magnets or means for 
producing a magnetic field are arranged in the rotor, and 
the pole legs or pole cores are arranged in the stator* 
In a second preferred embodiment the magnets or means for 
30 producing a magnetic field are arranged in the stator, 
and the pole legs or pole cores are arranged in the 
rotor. 

When arranging the pole cores, they may be arranged so 
35 that at least a portion of one or more of the pole cores 
is arranged parallel to or at an angle with the axis of 
rotation. Thus , the angle may be equal to or greater 
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than 0 degrees and below 90 degrees. Here, the angle may 
be below 4 5 degrees, or below 3 0 degrees. 

However, it is preferred that at least a portion of one 
5 or more of the pole cores is substantially parallel to 
the axis of rotation, thereby allowing a design with a 
small diameter. The coils are wound around the pole 
cores, so that one or more windings or coils may have 
their axes substantially parallel to the axis of rota- 
10 tion. 

The pole cores may also be arranged so that at least a 
portion of a pole core is substantially perpendicular to 
the axis of rotation of the shaft. A coil or winding may 

15 be wound on the part of the pole core which is substan- 
tially perpendicular to the axis of rotation, but the 
coil may also be wound on another part of the pole core, 
said other part having a different direction. Thus, one 
or more windings or coils may have their axes substan- 

20 tially perpendicular to the axis of rotation. 

The rotor may be arranged so that at least part of the 
rotor is substantially perpendicular to the axis of rota- 
tion. It is also preferred that the rotor is circular. 

25 

When arranging the magnets or means for producing mag- 
netic fields and the pole cores, it is preferred that 
they are arranged so that a magnetic flux path includes 
flux paths through two pole cores. However, the present 
30 invention also covers an embodiment in which a magnetic 
flux path includes a flux path through a pole core and 
the rotor shaft. Here, two rotors may be used, said ro- 
tors being arranged substantially opposite to said shaft. 

35 According to the present invention, air gaps are formed 
between the rotor and the stator, where pole cores are 
part of the stator or the rotor. Here, it is preferred 
that for one separate pole core or pole leg there is only 
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one corresponding air gap. Preferably, for each separate 
pole core, there is one and only one air gap between the 
stator and the rotor* Thus, for a magnetic flux path 
including two and only two pole cores, the magnetic flux 
5 path will include two and only two air gaps ♦ 

For embodiments of the invention having one rotor, it is 
preferred that the stator further comprises a magnetic 
conductive end plate that is connected to the pole legs 

10 or cores. Here, the end plate should be substantially 
parallel and opposite to the rotor, 
"When arranging the magnets or means for producing a mag- 
netic field and the poles, they may be arranged so that 
the number of pole cores equals the number of magnets or 

15 means for producing a magnetic field. 

It should be understood that the present invention covers 
embodiments with different arrangements of the magnets or 
means for producing a magnetic field. Thus, they may be 
20 located radially and equidistantly in the rotor. They may 
also be located on one side of the rotor facing ends of 
the pole cores. Alternatively, they may be located on the 
outer periphery of the rotor, 

25 It is preferred that the machine according to the present 
invention further comprises pole shoes . These may pref- 
erably be arranged between the magnets or means for pro- 
ducing a magnetic field. 

30 It should also be understood that the magnets or means 
for producing a magnetic field may be arranged so as to 
concentrate the magnetic flux in the air gap. 

Thus, according to a second object of the present inven- 
35 tion there is provided an electrical machine comprising: 
a rotor secured to a shaft with an axis of rotation, one 
or more magnets or means for producing a magnetic field, 
a stator with air gap(s) formed between the rotor and the 
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stator, and one or more current windings or coils. Here, 
the magnets or means for producing a magnetic field are 
arranged so as to fit substantially into a V, U or L- 
shape , thereby concentrating the flux in the air gap . It 
5 is preferred that the coils or windings are wound on and 
surrounding the pole legs or pole cores , so that the V, U 
or L-shape arrangement of the magnets or means for pro- 
ducing a. magnetic field may also be used in any of the 
embodiments of the first aspect of the present invention ♦ 

10 

The V or L-shape may be obtained by having the magnets or 
the means for producing a magnetic field arranged in 
pairs to obtain said V or L-shape. 

15 It should be understood that when arranging the magnets 
or means for producing a magnetic field into a V-shape, 
the magnets or means for producing a magnetic field may 
be arranged to fit substantially into two or more V- 
shapes . 

20 For embodiments of the present invention having pole 
cores arranged in the rotor, it is preferred that the 
pole cores are arranged in the rotor so that, for a pole 
core, at least a part of the pole core is substantially 
perpendicular to the axis of rotation . However , a pole 

25 core or a part of a pole core may also be arranged at an 
angle with the axis of rotation , said angle being less 
than 90 degrees . 

When the pole cores are arranged in the rotor, the mag- 
30 nets or means for producing a magnetic field may be lo- 
cated in the stator facing ends of the pole cores. The 
magnets or means for producing a magnetic field may be 
arranged in the stator to fit substantially into a V, U 
or L-shape in order to concentrate the magnetic flux. 

35 

In embodiments of the present invention wherein the ma- 
chine comprises a plurality of magnets or means to be 
magnetized, it is preferred that said plurality is ar- 
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ranged in pairs having poles of similar polarity facing 
each other. 

It should be understood that according to the present in- 
5 vention, the magnets and/or the means for producing a 
magnetic field may be permanent magnets or electromag- 
nets . 

When producing the windings or coils of the machines de- 
10 scribed above, it is preferred to use a flat concentrated 
coil. When producing the pole cores, it is preferred that 
these are made of a magnetic conducting material, said 
conducting material being preferably a field oriented 
soft magnetic lamination. 



The machine according to the embodiments of the present 
invention may preferably be formed as a synchronous one 
phase machine* The machine may have the form of a genera- 
tor which may be provided with a mechanical force/power 
20 via the shaft to generate an electrical power via the 
windings, or the machine may have the form of a motor 
which may be provided with power from an electrical 
source via the windings to generate a mechanical 
force/power via the shaft. 



It should be understood that a generator according to em- 
bodiments of the present invention may be well suited to 
be used in a wind turbine. 

30 A further object of the present invention is to provide a 
machine or generator/motor which may provide a multiple 
phase output without enlarging the diameter of the gen- 
erator. The multiple number of phases may be achieved by 
arranging a corresponding number of one phase machines 

35 according to any of the above mentioned embodiments in 
series . 



15 



25 
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According to a preferred embodiment of the present 
invention, wherein the poie cores or pole legs are 
arranged in the stator, the pole legs or pole cores may 
be formed by substantially U-shaped elements. Here, the 
5 substantially U-shaped elements may be arranged in the 

stator so that one pole leg or pole core is formed by two 
adjacent legs of two U-shaped elements. 

When designing a stator with pole legs for a machine of 
10 the present invention, it is preferred that the pole legs 

are arranged so that the width of a pole leg or pole core 
-is substantially equal to the distance between two 

successive pole legs. Thus, for a U-shaped pole core 

element, the distance between the two legs should 
15 preferably be substantially equal to twice the width of a 

single leg. 

For embodiments of the present invention having pole 
shoes arranged in the rotor, it is preferred that the 
20 width of a pole shoe at the outer periphery of the rotor 
is substantially equal to the width of a pole core or 
pole leg oppositely arranged in the stator. 

It is also a purpose of the present invention to provide 
25 a method of producing the above mentioned U-shaped pole 

core elements. Thus, according to a further aspect of the 
present invention, there is provided a method of 
producing a substantially U-shaped pole core element, 
said method comprising winding sheet metal or transformer 
30 sheet metal around an oval shaped body or mould to obtain 
an oval shaped element of transformer sheet metal, and 
dividing said oval shaped element of transformer sheet 
metal in two substantially equal parts to thereby obtain 
two U-shaped pole core elements. 



The U-shaped pole core elements may alternatively be 
produced by punching or stamping the U-shape in sheets of 
transformer sheet metal and then stacking a number of the 



35 
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stamped sheets or layers in order to obtain a desired 
thickness of the U-shaped pole core element. 

When using the above mentioned U-shaped pole core 
5 elements, a magnetic flux path going through two pole 
cores will have its path in both legs of one U-shaped 
pole core element. In a preferred embodiment of the 
present invention, the U-shaped pole core elements are 
arranged on a stator end plate. However, when a magnetic 
10 flux path is going through a U-shaped element, there is 
no need for introducing a magnetic loss by having a flux 
—path in the stator end plate. 

Thus, it is preferred that the U-shaped pole legs or pole 
15 cores are made of a magnetic conducting material. It is 
also preferred that the stator end plate is made of a 
material have a low magnetic conductivity. It is further 
preferred that the stator end plate is made of a material 
having a low electronic conductivity. 

20 

When the magnets or means for producing a magnetic field 
are arranged in the rotor as discussed above, it is also 
within the present invention to provide an electrical 
machine, wherein a first stator is arranged opposite to 

25 and facing a first side of the rotor, and a second stator 
is arranged opposite to and facing the other or second 
side of the rotor. Here, both sides of the rotor have 
magnets or means for producing a magnetic field, and pole 
cores or pole legs of the first stator are facing the 

30 first side of the rotor, while pole cores or pole legs of 
the second stator are facing the second side of the 
rotor . 

Thus, a machine according to the present invention in its 
35 most simple form may comprise one or more elements formed 
by one stator part and one rotor part. However, in a 
preferred embodiment the machine may comprise one or more 
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elements formed by one rotor part with two corresponding 
stator parts . 

Brief Description of the Drawings 

5 The invention will be explained more fully below in con- 
nection with some preferred embodiments and with refer- 
ence to the accompanying drawings, in which: 

Fig, 1 shows a sectional view of a part of a generator 
10 according to the prior art; 

Fig. 2 shows a schematic view of an embodiment according 
to the invention; 

15 Fig. 3 shows a schematic view of another embodiment: ac- 
cording to the invention; 

Fig. 4a illustrates a schematic longitudinal sectional 
view of the embodiment shown in Fig. 3; 



Fig. 4b and 4c illustrate a sectional view of further em- 
bodiments according to the invention; 

Fig. 5 illustrates a schematic view of another embodiment 
25 according to the invention; 

Fig. 6a shows a schematic view of yet another embodiment 
according to the invention; 

30 Fig. 6b illustrates a schematic longitudinal sectional 
view of the embodiment shown in Fig. 6a; 

Fig. 6c shows the stator of the embodiment shown in Figs. 
6a and 6b seen from one end; 



20 



Fig. 7a shows a schematic sectional view of two genera- 
tors connected in series according to an embodiment of 
the invention; 
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Fig. 7b shows a schematic sectional view of two genera- 
tors connected in series according to another embodiment 
of the invention ; 

5 

Fig. 8 shows a sectional view of a generator with a dif- 
ferent arrangement of the magnets according to an embodi- 
ment of the invention; 

10 Fig. 9 shows a sectional view of a generator with a dif- 
ferent arrangement of the magnets according to another 
embodiment of the invention; 

Fig. 10 illustrates a sectional view of a generator ac~ 
15 cording to yet another embodiment of the invention; 

Fig, 11 shows a sectional view of a generator according 
to another embodiment of the invention; 

20 Fig. 12 shows a perspective view of embodiments according 
to the invention coupled in series; 

Fig, 13 illustrates a sectional view of a machine ac- 
cording to yet another embodiment of the invention; 

25 

Fig. 14 shows a sectionai view of a machine according to 
another embodiment of the invention; 

Fig. 15 shows a sectional view of part of a stator 
30 according to an embodiment of the invention; 

Fig. 16 shows a sectional view of another embodiment of a 
stator built on the same principles as the stator of Fig. 
15; 

35 

Fig. 17 shows a sectional view of an embodiment of the 
invention comprising one rotor and two stators; 
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Fig. 18 shows a sectional view of another embodiment of 
the invention comprising one rotor and two stators. 

Detailed description of the invention 
5 Fig. 1 shows a sectional view of a part of a generator 

according to the prior art* The figure shows a stator (1) 
which has recesses (2) with coils (3) wound in the tradi- 
tionally manner , i.e. from a given recess to another, de- 
pending on the phases of the current generated. Also 
10 shown is a rotor (4) with magnets (5) spaced apart from 

the boundary of the rotor (4). Between the magnets (5) on 
—the rotor (4) and the stator (1) there is an air gap. 

When the rotor (4) moves via a shaft (not shown) with re- 
15 spect to the stator (1), the magnets (5) are moved past 
the coils (3) and current is thus induced in these. 

If current is supplied to the coils (3), a magnetic field 
will make the rotor (4) and the shaft move, and the elec- 
20 trical machine functions as a motor. 

The construction according to the prior art has the dis- 
advantages already mentioned in the Background of the In- 
vention. 



Fig. 2 shows a schematic view of an embodiment according 
to the invention. The Figure shows a pole wheel (10) 
which functions as a rotor and is secured to a shaft 
(11). A plurality of magnets (12) is disposed radially in 
30 such a way that the magnets have poles of similar polar- 
ity (N) facing each other and poles of similar polarity 
(S) facing each other. The magnets (12) are preferably 
permanent magnets but could also be electromagnets or the 
like. 

35 

A plurality of pole shoes (13), preferably made of lami- 
nated sheet metal or massive iron, is disposed between 
the magnets (12), which concentrate the magnetic flux and 



25 
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have a relatively small remanence/residual magnetism, 
i.e. they are good magnetic conductors. The pole shoes 
(13) and the magnets (12) are magnetically isolated from 
the shaft ( 11 ) . 



Spaced apart from the rotor (10), a magnetic termination 
plate/end shield (17) is provided with a plurality of 
pole legs/pole cores (15) secured to the plate (17) in 
such a way that only an air gap (14) exists between the 
10 rotor (10) and the pole shoes (13). The plate (17) and 
the pole cores (15) function as a stator (15, 17). The 
-plate (17) is preferably a circular core using non field 
orientated laminated iron wrapped in a circular shape 
using one length of iron. 

15 

The plate (17) functions as a magnetic 'short circuit' 
and conducts the magnetic flux between the relevant pole 
cores (15) in a given magnetic circuit. Thus, in this em- 
bodiment, a closed local magnetic circuit consists of: a 
20 magnet (12), a pole shoe (13), an air gap (14) (which am- 
plifies the flux), a pole core (15), the magnetic termi- 
nation plate (17), a adjacent pole core, a neighbor air 
gap, a neighbor pole shoe. 

25 There are two adjacent local magnetic circuits for each 
given pole core (15). Two of these are schematically il- 
lustrated by the loops (18a, 18b). 

Electrical windings (16), e.g. coils, preferably sur- 
30 round each of the pole legs (15). Preferably, the coils 
(16) are tightly and closely wound around the pole legs 
(15). This arrangement is very efficient with respect to 
induction in the windings/coils (16), since the flux is 
highly concentrated/uniform in the pole cores (15) in 
35 this arrangement. The windings (16) are preferably formed 
by flat concentrated coil, which has a high fill factor. 
By having the windings (16) concentrated on the pole 
cores (15) almost all of the coil material is affected, 



5 
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as opposed to the prior art generator shown in Fig. i, 
since the flux flow affects almost all of the coil mate- 
rial (except of course the material conducting the cur- 
rent away from the generator) . 

When the rotor (10) is moved with respect to the stator 
(15, 17), the magnetic flux in a given pole core (15) 
changes direction, since the polarity at the air gap (14) 
changes (from N to S or vice versa), and current is 
thereby induced in the windings (16). This induction is 
very efficient, as mentioned, since the magnetic flux is 
highly concentrated /uniform in the area surrounded by 
windings (16), i.e. in the pole core (15). 

For stand alone generators the shaft (11) is preferably 
rotatably mounted in a bearing or the like (not shown) in 
the plate (17) to support the shaft (11) additionally and 
stabilize the rotation of the rotor (10) with respect to 
the stator (15, 17). For generators used in wind tur- 
bines, the rotor (10) is preferably secured on the shaft 
of the wind turbines and the stator ( 15 , 17 ) is prefera- 
bly secured to a bearing holding the shaft of the wind 
turbines . 

This embodiment also provides a simple way of obtaining a 
multiple phase output, since several (e.g. one for each 
phase) generators can be secured on the same shaft and 
their stators be angularly displaced with respect to one 
another, e.g. a third of the angle between two adjacent 
pole cores for three generators with rotors of the same 
orientation. This provides a multiple phase output with- 
out enlarging the diameter of the generator. This is very 
important in wind turbines, since the space used is very 
important in the radial direction but not so much in the 
longitudinal /axial direction « 

Alternatively the stators could have the same orienta- 
tion, and the rotors should then be angularly displaced 
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with respect to one another to the same extent as is men- 
tioned above . 

Fig. 3 shows a schematic view of another embodiment ac- 
5 cording to the invention. The figure shows a rotor (31) 
magnetically isolated from and secured to a shaft (35) , 
which may or may not extent through a magnetic termina- 
tion plate (34), as described above. A plurality of pole 
cores (32) is secured on the plate (34) with windings 

10 (33) surrounding it, A stator (32, 34) is comprised of 
the pole cores (32) and the termination plate (34), The 
rotor (31) is spaced apart from the stator (32, 34) so 
that only an air gap (36) divides the two. This embodi- 
ment corresponds more or less to the one described in 

15 connection with Fig. 2, and differs only in the structure 
of the rotor (31) and the pole cores (32). This differ- 
ence is illustrated in greater detail and explained in 
connection with Figs. 4a-c in the following. 

20 Additionally two local closed flux paths (37a, 37b) are 
shown. These flux paths is only a schematic view of the 
main path. 

Fig. 4a illustrates a schematic longitudinal sectional 
25 view of the embodiment shown in Fig. 3. Here a rotor (41) 
is secured on a shaft (40). Pole shoes (45) are radially 
secured on the rotor (41) and a given pole shoe (45) is 
surrounded vertically by two magnets (42), The two mag- 
nets (42) for a given pole shoe (45) have poles of simi- 
30 lar polarity facing each other (e.g. N facing N as shown 
in the figure). The two adjacent pole shoes also have 
poles of similar polarity facing each other but with an- 
other polarity than their mutual neighbor, (e.g. S facing 
S for the two neighbors of the pole shoe (45) shown in 
35 Fig. 4). Spaced apart from the pole shoes (45) and the 

magnets (42), only separated by the air gap (46), are the 
pole cores (47), which are preferably made of a material 
having as small a remanence/residual magnetism as possi- 
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ble. The pole cores (47) are surrounded by windings (43), 
preferably wound closely and concentrated around it. The 
pole shoes (45) and the end of the pole cores (47) clos- 
est to the pole shoes (45) are both V-shaped in such a 
5 way that the pole shoes (45) with the magnets (42) fit 
into the pole cores (47) , only spaced apart by the air 
gap (46). The magnetic flux in the pole cores (47) is 
even further concentrated/uniform in this kind of ar- 
rangement, since the magnets (42) 'fit' into the pole 

10 cores (47). This concentrated/uniform flux affects the 

windings (43) in a very efficient way since all the wind- 
ings (43) surround the concentrated/uniform flux. A mag- 
netic termination plate/end shield (49) is secured at the 
other (different from the one mentioned above) end of the 

15 pole cores (47), which 'short circuits' the magnetic 
circuit to another pole core* 



In this embodiment the local magnetic circuits (see 37a 
and 37b in Fig. 3) are similar to the circuits described 
in connection with Fig. 2. The only difference is that a 
more concentrated/uniform flux is conducted in the pole 
shoe (45) due to the V-shape of the pole shoe (45) and of 
the one end of the pole core (47). 

When the rotor (41) moves with respect to the stator, a 
current is induced in the windings (43) in the tradi- 
tional manner, as described before. 



Fig. 4b and 4c illustrate a sectional view of further em- 
bodiments according to the invention. These embodiments 
correspond to the embodiment in Fig. 4a, except that the 
pole cores (47) are angled with respect to the shaft 
(40). Thus, the pole cores (47) are not fully parallel to 
the axis of rotation. 

Fig. 13 shows a sectional view of a generator according 
to yet another embodiment of the invention. The generator 
of this embodiment corresponds to the embodiment in Fig. 
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4a , except: that instead of having a pole shoe and the 
corresponding pole core in the form of one V-shape, they 
are now formed into two V-shapes. 

5 In Fig, 13 a rotor (131) is secured on a shaft (130), 
Pole shoes (135a,b) are radially secured on the rotor 
(131) and a given pole shoe (135a or 135b) is surrounded 
vertically by two magnets {132a or 132b). The two magnets 
(132a or 132b) for a given pole shoe (135a or 135b) have 
10 poles of similar polarity facing each other (e.g. N 

facing N) . Spaced apart from the pole shoes (135a,b) and 
-the magnets (132a,b), only separated by the air gaps 
(136a, b), is a pole core (137). A pole core (137) is 
surrounded by a winding (133), preferably wound closely 
15 and concentrated around it- The pole shoes (135a,b) and 
the end of the pole core (137) closest to the pole shoes 
(135a,b) are both forming two V-shapes in such a way that 
the pole shoes (135a,b) with the magnets (132a,b) fit 
into the pole core (137), only spaced apart by the air 
20 gaps (136a,b). The stator comprises a number of pole 
cores (137) being secured to a stator or magnetic 
termination plate (134). 

Fig. 5 illustrates a schematic view of another embodiment 
25 according to the invention. The figure shows a generator 
with two identical rotors (51, 58). The rotors (51, 58) 
are secured to each opposing end of a shaft (55). The ro- 
tors comprise a plurality of magnets (53) radially and 
equidistant ly spaced from the center of the rotors (51, 
30 58). The magnets (53) are disposed in such a way that the 
polarity of a pole of a given magnet faces a similar po- 
larity of a pole of an adjacent magnet, i.e. S faces S or 
N faces N. Pole shoes (52), which concentrate the flux 
from the magnets (53), are provided between the magnets 
35 (53). The rotors (51, 58) are staggered with respect to 
each other in such a way that the polarity in a given 
pole shoe (52) in one rotor (51) is different from the 
polarity of the pole shoe opposing it. 
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A plurality of pole legs/pole cores (54) is spaced apart 
from the radial extent of the rotors (51, 58), only sepa- 
rated by an air gap (56). The pole cores (54) are sur- 
5 rounded by windings (57), 

Each pole core (54) is part of two different closed local 
magnetic circuits (59a, 59b). Each closed local magnetic 
circuit consists of: a pole shoe on the first rotor, an 
air gap, a pole core, an air gap, a pole shoe on the sec- 
10 ond rotor, a magnet on the second rotor, a second pole 

shoe on the second rotor, a shaft, a second pole shoe on 
the first rotor, a magnet on the first rotor. 

When the rotors (51, 58) move with respect to the pole 
15 cores (54), functioning as a stator, a current is induced 
in the windings (57). 

Fig. 6a shows a schematic view of yet another embodiment 
according to the invention. The figure shows a rotor (60) 

20 secured to a shaft (61) via a plurality of braces (63). 
The rotor (60) is spaced apart from a stator (69) com* 
prising a plurality of pole cores (62). The pole cores 
(62) of this embodiment are angled substantially 90°, so 
that they are secured directly on the shaft (61). This 

25 reduces the axial length of the pole cores (62) and thus 
the axial length of the generator itself. This embodiment 
will be explained in greater- detail in connection with 
Fig. 6b. 

30 Fig. 6b illustrates a schematic longitudinal sectional 

view of the embodiment shown in Fig. 6a. The figure shows 
a rotor (60) secured to a shaft (61). The rotor (60) com- 
prises a pole wheel (64) with pole shoes (65) secured to 
it and a plurality of braces (63) supporting the pole 

35 wheel (64). Two magnets (66) are secured to each pole 

shoe (65) and have poles of similar polarity facing each 
other, i.e. N facing N like in the figure or S facing S. 
The two adjacent pole shoes (65) have magnets (66) having 



SUBSTITUTE SHEET (RULE 26) 



WO 00/48297 



PCT/DKOO/00054 



19 

poles of opposite polarity facing each other, i.e. the 
polarity of the poles facing each other alternates be- 
tween N and S. Pole cores (62) are spaced apart, by an 
air gap (68) , from the magnets (66) and the pole shoes 
5 (65), The pole shoes (65) and the pole cores (62) are 

both V-shaped so that they can 'fit together' (only sepa- 
rated by the air gap (66) ). This enhances the magnetic 
flux concentrated in the pole cores (62). 

10 The pole cores (62) are angled substantially 90°, as de- 
scribed above in connection with Fig. 6a, and have wind- 
ings (67) surrounding it. The windings (67) are prefera- 
bly formed by flat concentrated coils wound tightly and 
closely around the pole cores (62). This provides a very 

15 efficient induction in the windings (67), since the uni- 
form/concentrated magnetic flux in the pole cores (62) 
affects almost all of the winding material. 

Fig. 6c shows the stator of the embodiment shown in Figs, 
20 6a and 6b seen from one end. Here the stator (69) is 
shown from one side where the axial ends of the pole 
cores (62) points into the paper. Also shown is one exem- 
plary winding (67). 

25 In this embodiment a local magnetic circuit is provided 
for each pole core and each of its neighbors . The pole 
core (62a) shown in Figs. 6a-c is part of two local mag- 
netic circuits. One (70b) with its adjacent pole core 
(62b) and another (70c) with its other adjacent pole core 

30 (62c), since, as mentioned above, the two neighbor pole 

shoes (not shown) have magnets of opposite polarity fac- 
ing each (e.g. S facing S). I.e. the closed local mag- 
netic circuit (70b) consists of; The local part of the 
pole wheel (64), the pole shoe (65), the two magnets 

35 (66), the air gap (68) , the pole core (62), the adjacent 
pole core (62b), an adjacent air gap (not shown), two ad- 
jacent magnets (not shown), an adjacent pole shoe (not 
shown) and an adjacent part of the pole wheel (64b)* 
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In a similar manner, the closed local magnetic circuit 
(70c) consists of: The local part of the pole wheel (64), 
the pole shoe (65), the two magnets (66), the air gap 
5 (68), the pole core (62), the adjacent pole core (62c), 
an adjacent air gap (not shown), two adjacent magnets 
(not shown) , an adjacent pole shoe (not shown) and an ad- 
jacent part of the pole wheel (64c). 

10 Since the flux in each local magnetic circuit has the 

same orientation in the shared pole core, they both con- 
tribute positively to the total flux in the shared pole 
core, giving a very effective induction in the surround- 
ing windings . 

15 

When the rotor (60) moves with respect to the stator, the 
magnetic flux in the magnetic circuits changes orienta- 
tion, which induces current in the windings (67). The V- 
shape and the arrangement of the magnets (66) and the 
20 pole shoes (65) together with the windings (67) surround- 
ing the pole cores (62) give a very high output of cur- 
rent for even a small speed of rotation, which is very 
useful particular in wind turbines . 

25 Fig. 7a shows a schematic sectional view of two genera- 
tors connected in series according to an embodiment of 
the invention. Here each of two pole shoes (72) sur- 
rounded by two magnets (73) is secured to a rotor (71), 
which itself is secured to a shaft (74). The magnets are 

30 arranged so that they have poles of similar polarity fac- 
ing each other (e.g. N facing N). A pole core (75) is 
spaced apart from the magnets (73) on each side of the 
rotor (71) only separated by an air gap (78). Windings 
(76) surround each of the pole cores (75). At one end of 

35 the pole cores (75), a back plate/end shield (77) is pro- 
vided to conduct the magnetic flux to an adjacent pole 
core ( 75 ) . 



SUBSTITUTE SHEET (RULE 26) 



WO 00/48297 



PCT/DK00/00054 



21 

The pole shoes (72) and the pole cores (75) are V-shaped 
so that the pole shoes ( 72 ) with magnets ( 73 ) can fit 
into the pole core (75) only separated by the air gaps 
(78) , which concentrate the magnetic flux in the pole 
5 cores ( 75 ) • 

The s tators correspond to the stators described in con- 
nection with Figs. 3 and 4, The only difference is that 
only one rotor is needed for both of the stators. This 
10 reduces the material needed and also provides a very easy 
way to obtain a multiple phase output* 

Fig. 7b shows a schematic sectional view of two genera- 
tors connected in series according to another embodiment 

15 of the invention . This embodiment corresponds to the em- 
bodiment described above in connection with Fig. 7a. The 
only difference is that the V-shape has been changed so 
that the pole cores (75) can now fit into the pole shoes 
(72) with the magnets (73) only separated by the air gaps 

20 (78). 

Fig. 8 shows a sectional view of a generator with a dif- 
ferent arrangement of the magnets according to an embodi- 
ment of the invention . In this embodiment a rotor ( 82 ) is 

25 secured to a shaft (81) like in the examples mentioned 
above. Two magnets (84) are secured to the rotor (82), 
one being secured to the top, the other being secured at 
the top of one of the sides facing a pole core (85) so 
that the magnets (84) form an L-shape . The pole core (85) 

30 has a cut-out so that the rotor (82) and the magnets (84) 
fit into this cut-out only separated by air gaps (83). 
Windings (87) surround the pole core (85). A back 
plate/end shield (86) is secured at the other end of the 
pole core (85). This embodiment differs from the other 

35 embodiments by the magnets (83) being arranged in an L- 
shape, by the cut-out in the pole cores (85) and by the 
absence of a pole shoe , but otherwise functions in a 
similar manner. 
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Fig. 9 shows a sectional view of a generator with a dif- 
ferent arrangement of the magnets according to another 
embodiment of the invention. Here, a substantially square 
5 or rectangular pole shoe (98) is secured to a rotor (92) 
and have magnets (98) secured at the other sides, as 
shown in the figure. A pole core (93) has a U-shaped cut- 
out, and. the magnets (95) and the pole shoe (98) fit into 
this cut-out only separated by air gaps (95). The pole 
10 core (93) is surrounded by windings (96) and is secured 
to a back plate/end shield (97). The generator functions 
in a manner similar to the ones described above and dif- 
fers only in the arrangement of the pole shoe (98), the 
magnets (94) and the U-shaped cut-out, 

15 

Fig* 10 illustrates a sectional view of a generator ac- 
cording to yet another embodiment of the invention. This 
generator corresponds to the generator shown in Fig. 4 
and differs only in that the V-shape has been changed so 
20 that the pole cores (105) can now fit into the pole shoes 
(104) with the magnets (103) only separated by the air 
gaps (108). 

Fig, 11 shows a sectional view of a generator according 
25 to another embodiment of the invention. This embodiment 

differs from the embodiment shown in Fig. 10 in that pole 
cores (112) are arranged in the rotor with the windings 
(111) surrounding the pole cores (112). The magnets (114) 
are then arranged in the stator (113) in order to 
30 generate a varying magnetic flux in the windings (111). 

This modification may be applied to other embodiments ac- 
cording to the invention. 

Fig. 14 shows a sectional view of a machine according to 
35 another embodiment of the invention. The generator of 

this embodiment corresponds to the embodiment in Fig. 11, 
except that instead of having a pole shoe and the 
corresponding pole core in the form of one V-shape, they 
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are now formed into two V-shapes. In Fig. 14 pole cores 
(142) are arranged In the rotor with the windings (141) 
surrounding the pole cores (142). The magnets (144a,b) 
are then arranged in the stator (14 3) in order to 
5 generate a varying magnetic flux in the windings (141), 

Fig . 12 shows a perspective view of embodiments according 
to the invention coupled in series. Here three (121, 122 , 
123) of the embodiments shown in Fig. 3 are connected in 
series on the same shaft. They are staggered with respect 

10 to each other so that a multiple phase output is provided 
without enlarging the diameter of the generator, since 
each embodiment provides a phase. The rotor parts (124) 
may consist of two rotors of the above mentioned kind 
placed back to back or a single modified rotor part where 

15 the rotor has two sets of pole shoes, magnets etc. on 
each side. 

Fig* 15 shows a sectional view of part of a stator 
according to an embodiment of the invention. In this 

20 embodiment , a pole core or a pole leg is formed of two 
adjacent legs (151b, 152a) or (152b, 153a) of two U- 
shaped pole core elements (151, 152) or (152, 153). The 
U-shaped elements (151, 152, 153) are secured to a stator 
end plate (154) with windings (155, 156) surrounding the 

25 pole cores (151b f 152a) and (152b, 153a). A pole core 
element (152) may be secured to the end plate (154) by 
fastening means (157). 

Fig. 16 shows a sectional view of another embodiment of a 
30 stator built on the same principles as the stator of Fig, 
15 . Here the U-shaped pole core elements are formed in a 
square formed U-shape. Again a pole core or a pole leg is 
formed of two adjacent legs (161b, 162a) or (162b, 163a) 
of two U-shaped pole core elements (161, 162) or (162, 
35 163). The U-shaped elements (161, 162, 163) are secured 
to a stator end plate (164) with windings (165, 166) 
surrounding the pole cores (161b, 162a) and (162b f 163a), 
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and the pole core element (1G2) may be secured to the end 
plate (164) by fastening means (167). 

It has been mentioned that for the U-shaped pole core 
5 elements , a magnetic flux path going through two pole 
cores will have its flux path along the U-shape in both 
legs of the U-shaped pole core element. Thus, it is 
preferred that the U-shaped pole legs or pole cores are 
made of a magnetic conducting material, while it is 
10 preferred that the stator end plate is made of a material 
having a low magnetic conductivity and low electronic 
—conductivity , 

It is also preferred that an electronic isolation is 
15 provided between the U-shaped pole core element ( 152 , 
162) and the stator end plate (154,164), 

Fig. 17 shows a sectional view of an embodiment of the 
invention comprising one rotor and two stators. Here, the 

20 two stators 171, 172 have U-shaped pole core elements of 
the type shown in Fig, 15 , and the pole core or pole legs 
173, 174 and 175, 176 are facing a rotor 177 having pole 
shoes 17 8, 179 and a magnet between the pole shoes 17 8 , 
179. The pole shoes 178, 179 are crossing the rotor 177, 

25 whereby pole shoes are provided on each side of the 

rotor. The width of the pole shoes 178,179 may correspond 
.to the width of the pole legs 173, 174 and 175, 176. The 
N pole of the magnet is facing pole shoe 178, while the S 
pole is facing pole shoe 179. Correspondingly, the N pole 

30 of a second magnet is facing the other side of pole shoe 
178, while the S pole of a third magnet is facing the 
other side of pole shoe 179. 

In Fig. 17, the pole legs 173, 174 are opposing the pole 
35 legs 175, 176, with the result that corresponding 

electrical signals of the two stators 171 and 172 are in 
phase . 
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However, if the position of the pole leg of the second 
stator is displaced compared to the position of the pole 
legs of the first stator, corresponding electrical 
signals of the two stators will be out of phase. The 
5 phase difference can be determined by the displacement of 
the pole legs. 

This is illustrated in Fig. 18 , which shows a sectional 
view of an embodiment of the invention comprising one 

10 rotor 187 and two stators 181, 182. Here, the pole legs 
186, 185 of the second stator 182 are displaced in 
"relation to the position of the pole legs 183, 184 of the 
first stator 181. Thus, the pole shoes 188 , 189 will 
reach the pole legs 183, 184 and 186, 185 at different 

15 times resulting in a phase difference in the electrical 
signals . 

In should be understood that for electrical machines of 
the present invention, the stator may in most cases 
20 comprise a relatively large number of separate pole cores 
or pole legs (for example 4 0 pole cores) and a 
corresponding number of separate or discrete coils or set 
of windings . 

25 Such as large number of discrete and galvanic separated 
coils gives the opportunity of forming a very large 
number of combinations of voltages and currents. 

A few examples : 
30 all coils of one stator may be arranged in series to 
produce a high voltage; 

all coils of one stator may be arranged in parallel to 
obtain the same voltage as of one coil, but a higher 
current ; 

35 one, two, three or more coils arranged in parallel may be 
arranged in series with one, two, three or more coils 
arranged in parallel, all coils being part of the same 
stator . 



SUBSTITUTE SHEET (RULE 26) 



